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Introduction
Microfinance institutions (MFIs) are commonly known as 'banks for the poor'. Mainstream financial institutions, such as commercial banks, do not allow poor households access to their services because of those households' poor economic status or creditworthiness. Thus, MFIs are designed to serve these people with a range of banking services, typically borrowing and saving. Most MFIs are very small in terms of capital to offer collateral-free credits. To support such financially risky business operations, MFIs usually depend on funds from donor organisations or individuals.
The two contradictory characteristics 1 of MFIs can be categorised as the 'institutional paradigm' (MFIs must meet their operational costs with financial sustainability) and the 'welfare paradigm' (social outreach). [2] [3] [4] In recent decades, MFIs have proven to be a successful tool for poverty alleviation and social outreach. 5, 6 However, evidence of consistent poor loan quality among MFIs [7] [8] [9] has highlighted the pressing need to examine the financial sustainability of MFIs.
A number of studies have examined MFIs and their social performance in African nations. 10 To date, Van Rooyen and Stewart 11 have presented the most rigorous and systematic review containing quality data to assess the evidence of effectiveness of MFIs in sub-Saharan Africa (SSA). Their study showed that MFIs have modest but not uniform positive effects on social welfare. Hulme and Mosley 12 presented an extensive data comparison among the regions and showed that MFIs in Africa suffer from both micro and macro instability. Micro-level challenges include limited management ability and loan recovery rates, and macro-level challenges include inflation, interest rates and transparency. Hulme and Mosley 12 therefore could not rate the performance of MFIs as satisfactory. A similar finding was presented by Buckley 13 , and contradictory findings were presented by Lafourcade and Isern 14 . All these studies attested to the performance of MFIs in poverty alleviation and social welfare. Our study examined MFI financial performance, especially in African countries, from 2004 to 2013.
In the literature, the topics of microfinance stability and institutional efficiency have come under the spotlight for two main reasons: (1) the conceptual difference between financial stability (i.e. end status) and efficiency (i.e. relative performance), and (2) increasing trends in operating expenses. 8 A decision-making unit (DMU) is seen as being efficient if the output cannot be increased without intensifying the input. In MFI efficiency literature, both regional 4, 15, 16 and country-wide [17] [18] [19] efforts are common. However, to date, few studies have examined the efficiency of MFIs globally. Annim 8 examined the efficiency of 164 MFIs worldwide. He employed parametric and non-parametric measures to evaluate MFI trade-offs between financial sustainability and social outreach. Hermes and Lensink 1 studied 435 MFIs worldwide using a stochastic frontier approach to measure both financial and social efficiency. Among these studies, a major limitation is their methodology, in that they did not properly account for heterogeneity among MFIs 20 .
Worldwide, the heterogeneity of MFIs is evident for three reasons: geographical and socio-economic influence 21 , the regulatory framework, and the institutional framework. For example, Guntz 21 reported that the average loan size of MFIs in East and South Asia (ESA) is USD149, whereas the average loan from MFIs in Eastern Europe and Central Asia is USD1579 -almost ten times as large. Based on legal and institutional frameworks, the sustainability scores of MFIs worldwide have been calculated by the Economist Intelligence Unit. Out of 55 selected countries, only 30 showed positive movement towards improvement in both regulatory and institutional frameworks for MFI operations. Nineteen countries were reported as having experienced negative change. Latin America and the Caribbean (LAC) had the highest overall regional score.
In a recent study, Louis et al. 22 studied trade-offs of MFIs with special attention to MFI heterogeneity. The researchers used self-organising map methodology to study 650 MFIs, and the results showed a positive relationship between MFI heterogeneity and social efficiency. This suggests that studying the efficiency and heterogeneity of African MFIs would also be worthwhile.
The concept of 'metafrontier' originated with Hayami 23 to deal with hetero geneity in efficiency calculations among DMUs. Hayami realised that studying efficiency on a comparative basis would be difficult because individual groups might not enjoy identical sets of production factors such as land, labour and capital. More information on meta-production functions is provided by Binswanger and Ruttan 24 . Their study showed that meta-production function enveloped all sub-functions, and was the most efficient function (assuming all groups had access to metaproduction technology). 25 By modifying a single data-generation process, Battese and Rao 26 solved the drawback they had identified for using a stochastic frontier approach. In addition, the Malmquist Index (MI) was used to chart the yearly efficiency changes among selected MFIs.
Non-parametric data envelopment analysis (DEA) has been used as a tool to measure efficiency. 4, 15, 27 The main benefit of using DEA rather than parametric tests (e.g. stochastic frontier approach) is that DEA does not require any assumptions about DMU business processes. Moreover, DEA can examine efficiency using multiple inputs and multiple outputs. To the best of our knowledge, our use of metafrontier Malmquist DEA analysis is a first in examining MFI efficiency worldwide.
Our objective was to examine the efficiency of MFIs in Africa, with consi deration given to heterogeneity in production technology. We classified all MFIs into five groups (Table 1) according to geographical and socioeconomic data, as proposed by earlier studies 8, 21 . Metafrontier technology is used to handle such heterogeneity. We used the MI to capture efficiency changes over the study period. Then we decomposed MI values into three specific efficiency scores, namely technical efficiency, pure efficiency and scale efficiency, to examine the sources of efficiency results on the MI values. For the calculations, we used DEA considering the production approach of MFIs at variable returns to scale.
Microfinance worldwide
Poverty is a global issue. According to the World Bank 28 around 2.2 billion people currently live on less than USD2 a day, compared with 2.59 billion people in 1981. The report showed that poverty has declined slightly over the years, but not evenly across all regions. With regard to reductions in extreme poverty from 1981 to 2011, East Asia performed best (dropping from 78% impoverishment to a mere 8%), followed by South Asia (61% to 25%). Sub-Saharan Africa showed a less dramatic improvement, dropping from 53% impoverishment to 47%. In 2011, the largest extremely poor population was located in SSA (415 million people), followed by South Asia (399 million), and then East Asia and the Pacific (161 million). Table 1 it is evident that countries show unequal improvements in poverty alleviation. The greatest change was observed for LAC, and the smallest change was noted for ESA. Thus, MFI efficiency studies among these regions must consider their heterogeneity.
Previous studies on microfinance efficiency
Like other social organisations, MFIs operate under the 'double bottom line', that is, social outreach and financial stability. 3, 5, 8 Over the past few decades, MFIs have proven their success in social outreach. 1, 6, 28 However, until recently the financial sustainability of MFIs has not been thoroughly analysed. 21, 29 According to Yunus 30 , MFI financial sustainability can be seen as corresponding to social outreach, because establishing an institutional paradigm can ensure long-term operation and service to society. An efficient MFI can serve the welfare purpose better than a bankrupt MFI. 9 highlights the need to examine the efficiency of MFIs.
Traditionally, MFI efficiency is calculated using various accounting ratios. For example, Farrington 31 examined African MFI efficiency using costper-borrower and cost-per-sever ratios, and found that African MFIs are highly expensive. But these ratios explain only partial attributes of efficiency measurement, and as a result may misguide benchmarking and decision-making processes. 32 Among frontier efficiency studies of MFIs, the two main measurement techniques are non-parametric tests and parametric tests. 33, 34 DEA is a non-parametric efficiency measurement technique developed by Charnes and Cooper 35 . DEA generalises the single input and single output measure of Farrell 32 into multiple input-output measures, to measure relative efficiency among the DMUs. 36 A DMU (in this context an MFI) is considered to be efficient if no DMU can produce equivalent outputs without needing increased inputs. One of the main benefits of using DEA rather than parametric efficiency techniques (the most popular one being stochastic frontier approach) is that DEA does not require detailed theoretical knowledge about processes. 37 In addition, the metafrontier DEA allows separation of DMUs based on their specific characteristics and thus the heterogeneity issue of DEA is resolved. 26 In MFI efficiency studies using DEA, country-specific research effort is common. 17, 38, 39 Among many such studies, Tahir and Tahrim 17 examined efficiency of Cambodian MFIs using DEA and Dynamic MI. Their study showed that Cambodian MFIs were 92% efficient. With the help of MI, the decomposition of this result showed that efficiency was not achieved because of pure efficiency but rather scale efficiency. Therefore, their study confirmed that Cambodian MFIs were efficient in scale of operation and relatively inefficient at managing assets and costs. In a study of 46 4 showed that nongovernmental MFIs are cost-efficient compared with bank microfinance. These studies, however, did not recognise heterogeneity among MFIs worldwide; this detracts from the robustness of the results 20 . Therefore a study on MFI efficiency globally, with proper consideration being given to their heterogeneity, is a timely need.
Recent research findings have revealed a significant importance of social performance of MFIs, over and above their financial efficiency. However, for a number of reasons the financial performance of MFIs can lead them to bankruptcy. Sainz-Fernandez et al. 7 examined crises among 832 MFIs in 74 countries from 2003 to 2011. The researchers analysed panel data and identified both internal and external reasons that were responsible for the MFI failures.
A proliferation of theories has created fuzziness in defining specifically what MFIs stand for. 41 One study that examined major trends in theories about MFIs showed that sustainable development was the most important aspect. 42 Another recent trend is 'green' MFIs. Allet 43 examined 160 MFIs using qualitative semi-structured interviews with 23 top managers, to understand why MFIs are deciding to go green. The results showed that stakeholders are the key drivers for this trend among MFIs.
Metafrontier Malmquist Index with DEA
We assume that there are (J) different technologies within the selected DMUs. Contemporaneous benchmark technology produces a reference set (P) at an individual time period (t). For each group of technology (R j ), the production set is designed as P = (x,y) | x produces y t R j and λP = P , t=1, ... , T, and λ >0. , a contemporaneous MI index would be as follows:
where the production set is 
Here the production set is . Based on the valued work of Pastor and Lovell 45 , any intertemporal distance function can be decomposed as follows:
where TEff s and BPGp s (s = t, t + 1) represent the technical efficiency level and gap in technology for best practice, respectively. The term EffC denotes measure in change of efficiency as proposed by Fare and Grosskopf 48 . The term BpGCh denotes the changes in best practice technology gap between the contemporaneous and intertemporal production possibility frontier. The term BpGCh>1 means that the contemporaneous frontier of t+1 period is closer than the intertemporal benchmark technology for the time t, and vice versa for BpGCh<1. Pastor and Lovell 45 proposed this change in BpGCh is merely a change in the technology within the defined group. This is also the equivalent of technical progress or regress as presented by Caves and Christensen 47 . The metafrontier approach used in our study is defined in the production set of P Global as follows:
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Here the production set is P , I=t where z k is the intensity variable of a DMU (in our study, each bank is a unit). Using Equation 6, the intertemporal distance functions
), s = t, t+1 are calculated using the following formula:
subject to:
The above equation examines all units of all time periods for any specific group R j . Now, the following objective function is responsible for calculating objective function for all units, all periods and all groups in any study. Denoting the solution of Equation 7 , the global distance function
can be calculated as follows:
Subject to:
Using Equations 6, 7 and 8, the optimal solution for the Malmquist metafrontier index can be calculated and decomposed.
Data and variables
The input and output variables are listed in Table 2 . Given the existing heterogeneity among MFIs, we considered the production approach (i.e. traditional factors of production, labour and capital) of MFIs rather than the intermediation approach (i.e. transformation of loans from savings) as proposed by Haq and Skully 4 and Annim 8 . All values are expressed in USD in real rates. We use a balanced panel data of 473 MFIs from five regions over the period [2004] [2005] [2006] [2007] [2008] [2009] [2010] [2011] [2012] [2013] . Here, x1 refers to cost per borrower and x2 refers to cost per loan. On the output side, y1 refers to borrowers per staff members, y2 refers to borrowers per loan officer, and y3 refers to depositors per staff members used. Hence, all the input variables are connected to the production approach based on the earlier studies of MFI efficiency. 
Empirical results and discussion
Before examining efficiency of MFIs in a metafrontier production function using the proposed model by Oh and Lee 44 , it is essential to determine the number of technological groups (here, five selected regions). This will define which MFI belongs to which group. Because the criteria for selecting an MFI for a group was based on our proposed merits (geographical closeness and socio-economic conditions for poverty alleviation) as discussed earlier, an alternative decision and selection choice could lead to different results. Our main objective was to find a group as a leader among the frontiers, that is, technical leadership across the groups. Table 3 presents productivity changes and their decompositions obtained from Equations 6, 7 and 8. From the results of MI, it is seen that the productivity change among the SSA and MENA countries, on average, declined slightly (less than 1%) over the study period. For the remaining regions, the productivity change scored positive over the study period. The highest productivity progress was observed for ESA, followed by Eastern Europe and Central Asia and then LAC. Among ESA countries, only Pakistan and Cambodia showed mildly negative progress. For Pakistan, our result was in line with the findings of Rauf and Mahmood 49 , who showed that cost-per-borrower had increased unreasonably and caused a decrease in efficiency. However, our result for Cambodia contradicted the earlier result of Tahir and Tahrim 17 . According to their findings, Cambodian MFI productivity was increasing because of consistent success of scale efficiency, which implies that MFIs were operating at maximum scales. The highest productivity change in the ESA region was noted for China (3.2% annually). This finding confirms earlier studies. 50 According to those earlier studies, strong macroeconomic support helped China to achieve good progress in productivity changes over the years.
In terms of efficiency changes, again SSA and MENA countries were on average shown to have dropped by less than 1% over the years. The greatest progress among these countries was observed for Morocco. Efficiency change reportedly progressed annually for the remaining three regions, with the greatest progress being observed for LAC. The latter finding again contradicted the results of an earlier study by Servin and Lensink 41 , who reported that in general MFIs in LAC showed a drop in efficiency scores. Among all the countries, the highest annual efficiency decrease was no more than 1.5%. This signifies that MFIs, worldwide, have been operating at almost close to unit efficiency on average. This particular result highlights that most MFIs across these countries are not lagging far behind the group frontier.
The measure of technical change or business process change indicates whether countries have technically progressed or not. It is evident from Table 3 that on average, all regions except SSA showed a drop in efficiency in technical change. This means that African countries, on average, are technically progressing over time although the progress is relatively very small. This result is in line with an earlier study by Lafourcade and Isern 14 .
A further interesting finding with regard to business process change is that the remaining four regions are lagging behind in unit efficiency by less than 1%. Thus, technical efficiencies among the selected countries do not deviate significantly from each other.
The measure of how much a country gets closer to or further away from world frontier technology is known as the TGC score. The average TGC score is increasing yearly at 0.48% for ESA countries, which shows that they are approaching the frontier. An interesting result is that every ESA country has TGC score of 1 and most SSA countries have TGC scores less than 1. This signifies that ESA countries are leading the world frontier technology and most African countries are not.
Conclusion
Our study examined the issue of heterogeneity among MFIs worldwide. 20 We examined production efficiency of MFIs in Africa and their capacity for poverty alleviation. Out of 929 MFIs listed by the Economist Intelligence Unit, our study included 743 (79.98%) MFIs in 51 countries. Based on regional closeness and socio-economic similarities, we classified these countries into five regional groups. Because our study examined production efficiency, only MFIs that offered both saving and lending facilities were included in the final selection. More than 90% of the MFIs that existed in ESA and LAC at the time of the study were included in our sample. The sample proportions for the regions of SSA, MENA, and Eastern Europe and Central Asia were 60%, 57% and 58% respectively. The total data set included 7430 observations from the 743 MFIs worldwide, covering the years 2004 to 2013.
To examine efficiency, we used two input variables and three output variables. Methodologically, we used metafrontier technology to examine the heterogeneity of MFIs. Initially, the metafrontier MI was used to calculate the technical efficiency, technology gap for the best practice and technological gap ratio among the studied banks. For the efficiency calculation, we ran non-parametric DEA.
The empirical results from our study show that regionally there is a link between group performance and individual performance, which reflects the findings of earlier studies of heterogeneity. 10, 20 For instance, when identifying technological growth change among the regions, we noted that the highest TGC score occurred in ESA countries. The analysis also showed that all ESA countries had a TGC score of more than 1. A comparison of EC, SSA and MENA countries showed that on average their TGC scores had dropped by less than 1% over the years. The greatest progress among these countries was observed for Morocco. By region, the greatest progress was observed for LAC countries.
The main contribution of this paper is it successfully blends two streams of academic theory, namely the MFI institutional paradigm and theories of efficiency. The results reveal that social outreach is a sequential event that arises from efficient performance of MFIs in a society. Financially sound MFIs can contribute to society by taking higher risks and being flexible about the terms of repayment.
We also introduced MFI heterogeneity as the key measure to compare MFIs' performances worldwide. Thus, benchmarking becomes robust and policy-making for future planning becomes more resourceful. Despite MFIs in some regions having greater financial efficiency through the scale of economy (scale efficiency), they might suffer from deficits in management skills. However, such a result contradicts the earlier studies 29 . Thus, we identified a gap in examining how MFI efficiency based on managerial skill may further improve MFIs' performance worldwide.
The findings from this study have important implications for managers and policymakers. From the regulatory perspective, MFIs can now be grouped, which means that benchmarking can be based on the group that an MFI belongs to. Internationally, managers can explain other MFIs' performance for benchmarking and decision-making. Heterogeneity is a major concern for benchmarking efficiency. The diverse nature of business and the complexity in defining variables make the efficiency calculation even more difficult. Unidentified or unobserved variables might have a significant influence on banks' efficiency. Nonetheless, our empirical results show that geographical location, strategic and socio-economic conditions, and macroeconomic heterogeneity can significantly influence MFI efficiency. 
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